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Background
All-vanadium redox flow battery (VRFB) is currently the most advanced, the only commercially

available, and the most widely spread RFB. However, the total energy density of the VRFB is

limited by the poor solubility and temperature stability of vanadium species in acidic electrolyte

solutions which ultimately impedes the development of VRFB to some extent.

➢ The fully charged V (Ⅴ) species in the V (Ⅳ)/ V(Ⅴ) positive electrolyte of VRFB usually

show a poor stability at elevated temperatures (> 40 oC).

➢ The thermal and chemical instability of V(V) electrolyte is observed as precipitation during

the battery operation, which leads to energy loss and failure of the battery.

➢ Understanding the crystallization behaviors V(V) electrolyte is critical for developing stable

vanadium electrolytes.

Objectives

➢ To determine the kinetic parameters of the crystallization of V(V) electrolyte solutions,

including the crystallization rate, the Avrami exponent, the activation energy and the pre-

exponential factor;

➢ To understanding the role of ionic strength on the crystallization of V(V) electrolyte solutions.

Results and Discussion 

Conclusion and Future Work
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▪ The kinetic parameters of V(V) crystallization can be determined via in situ Raman.

▪ The concentration of SO4
2- played a significant role on V(V) crystallization.

▪ The temperature dependent experiments indicated the activation energy of V(V)

crystallization in a water diluted solution (1.5 M) is 2.4 kJ/mol lower than undiluted

solution (2 M), which indicated the 2 M solution become unstable when adding water.

1) Raman spectra of V (V) solutions with different concentrations

2) Time-resolved in situ Raman spectra 

Experimental Approaches

➢ Materials

The 2 M vanadium (V) solution was prepared by charging appropriate amounts of VOSO4 in

3.5 M sulfuric acid. Then the 2 M vanadium (V) solution was diluted to lower concentrations

with water or 5.5 M H2SO4 to explore the effects of water and concentration of SO4
2- on the

crystallization of vanadium (V) electrolyte. The crystallization process can be expressed as:

2 VO2
+ + (x+1) H2O ᴼV2O5·xH2O +2 H+

➢ in situ Raman test

The whole crystallization process were recorded at the different temperature (60 °C, 65 °C,

and 70 °C) via using a continuous scanning mode in the frequency range of 100 ~1200 cm-1.

➢ Kinetics and Thermodynamics

The crystallization kinetic of vanadium (V) electrolyte was investigated by Johnson-Mehl-

Avrami-Kolmogorov (JMAK) model.

ln[-ln(1-α)] = ln k + n ln t (1)

where α is the fraction of transformation, which was defined by the relative Raman intensity

at different time:

α (2)

The effect of temperature on crystallization rate was expressed as follows:

-RT ln k = Ea - RT ln A (3)

➢ V(V) species form strong bonding with sulfate ions.

➢ V(V) forms clusters when the concentration above 1 M, but the amount of V(V)

clusters decreasing sharply with deceasing the concentration of sulfuric acid.

➢ V(V) species gradually crystallize in aqueous solution with thermal process.

➢ The crystallization rate of V(V) increasing obviously with increasing temperature.

3) Kinetics and thermodynamics analysis

➢ Plots of ln[-Ln(1-α)] vs lnt allows to obtain the rate constant (k) at different

temperatures and then can calculate the activation energy, as shown in below:

2M 1.5 M (diluted by DI-water)

60 k = 1.19 10-3; R2 0.94 k = 3.93 10-2; R2 0.93

65 k =τȢτχ 10-3; R2 0.98 k = πȢρρ; R2 0.90

70 k = ρȢψψ 10-2; R2 0.97 k = 0.51; R2 0.92

Ea 34.5 kJ/mol 32.1 kJ/mol


